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[57] ABSTRACT 
The present invention relates to an apparatus for feed 
ing sheets separately, the apparatus comprises a feed 
unit disposed over a stack of sheets for causing a con 
veyance force upon the uppermost of the stack thereby 
to feed the uppermost sheet from the stack with the 
conveyance force being directed in a sheet path direc 
tion. The feed unit has an alternating charged pattern on 
a surface thereof. The apparatus further comprises a 
separation unit disposed opposite to the feed unit so as 
to form a sheet path in association with the feed unit for 
causing a preventive force onto an under face of the fed 
sheet thereby to prevent the sheet from being fed. The 
preventive force is set to be less than the conveyance 
force and greater than a friction force between sheets. 
The separation unit has another alternating charged 
pattern on a surface thereof. 

12 Claims, 10 Drawing Sheets 
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APPARATUS FOR FEEDING SHEETS 
SEPARATELY USING AN ELECTROSTATIC 
SEPARATOR AND SEPARATING MEMBER 

BACKGROUND OF THE INVENTION 
1. Field of the Invention 
The present invention relates to an apparatus for 

feeding sheets, separately in an image-forming device. 
2. Description of the Related Art 
A friction type pick-up member is adopted in the 

form of a roller or a belt made of a material having a 
high friction coefficient, such as a rubber, for a feed unit 
for feeding a sheet in an image-forming device such as 
an electronic photo copy machine, or a printer. The 
friction type pick-up member has a simple structure, but 
it needs to be pressed onto a sheet by a spring, etc., to 
obtain a large friction force. Furthermore, the friction 
type pick-up member cannot necessarily feed a sheet 
steadily as the friction coefficient of the material of the 
pick-up member initially having a high friction coeffici 
ent, such as a rubber, may change over a long period of 
time or in certain environments. 

Instead of the friction type pick-up member, a suction 
type pick-up member which sucks in air over a sheet to 
pick up and convey the sheet by negative pressure, is 
also used. A sheet can be fed more steadily by the suc 
tion type pick-up member than by the friction type. 
However, a loud noise is generated when air is sucked 
in, and size of the apparatus is large so that the suction 
type feed system is unsuitable for use in an office and so 
on. 

Furthermore, it often occurs that two or more sheets 
are fed at once in the friction type feed system so that a 
unit for separating the sheets individually must be pro 
vided to feed the sheets separately. 
A friction pad made from a material having a high 

friction coefficient, such as a rubber, or a rolling mem 
ber rotating in a direction so as to return a sheet to be 
fed, is pressed onto the pick-up member or a convey 
ance roller provided at the lower reaches of the sheet 
path, and a friction coef?cient between the friction pad 
or the rolling member and a sheet is set to be smaller 
than a friction coefficient between the pick-up member 
or the conveyance roller and a sheet, and larger than a 
friction coefficient between sheets in order to feed 
sheets separately. This enables only one sheet on the 
side of the pick-up member or the conveyance roller to 
be fed when multiple sheets are supplied together, and 
enables a sheet to be fed against a friction force between 
the friction pad or the rolling member and the sheet, 
when only one sheet is sent by the pick-up member. 
Since this friction type separating system is simple, it 
has been widely adopted. 
However, this system does not necessarily enable 

sheets to be separated when a vacuum state exists be 
tween sheets of a stack of sheets in a cassette for feed 
ing, when sheets pull against or adhere to each other 
due to an electrostatic force, or when each sheet has a 
long nap on the surface thereof so that the nap of one 
sheet becomes entangled with that on the facing sheet. 

Instead of the friction type separating system, a sys 
tem for separating sheets individually having a convey 
ance roller that rotates in such a direction as to feed a 
sheet and a prevention roller rotatable in either direc 
tion, arranged so as to provide a predetermined torque 
in such a direction as to return a sheet facing another 
sheet so that a sheet path is formed between them, and 
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2 
positioned at the lower reaches of the sheet path is 
disclosed in Japanese Patent Application Laying Open 
(KOKAI) No. 56-7847, laid open on Jan. 27, 1981 (The 
corresponding U.S. Pat. No. 2459773). In this system, 
the prevention roller does not slide over the convey 
ance roller or a sheet when the prevention roller makes 
contact with the conveyance directly or when only one 
sheet is fed by the pick-up roller into a clearance be 
tween the conveyance roller and the prevention roller, 
so that abrasion of the roller, reduction of a friction 
coefficient, generation of ?ber dust from a sheet, and 
reduction of a friction coefficient owing to the dust can 
be prevented. Sheets cannot be separated steadily when 
a sheet tightly contacts a facing sheet or the nap of a 
sheet becomes entangled with that of the facing sheet as 
mentioned above, as the difference in friction forces 
between a roller and a sheet and between sheets is uti 
lized in this system also. 
The present applicants et al. disclosed an apparatus 

for feeding sheets steadily one by one without a separat 
ing unit in an image-forming device, and also an appara' 
tus for feeding sheets separately and steadily when mul 
tiple sheets are fed together by a pick-up member owing 
to a tight contact of the sheets, aimed at overcoming the 
above-mentioned drawback of the related art in Japa 
nese Patent application No. 2-283707 ?led Oct. 22, 1990 
(The corresponding U.S. patent application Ser. No. 
07/774349) 
The first of the above-mentioned apparatus is shown 

in FIG. 12. The apparatus comprises an endless belt 2 
for feeding a sheet. The belt 2 is made of a dielectric 
material, wound round rollers 5 and 6 and positioned 
over a stack 1 of sheets, the apparatus comprises an 
electrode member 3 for applying an alternating voltage 
from a power source 4 for an alternating current. The 
electrode member 3 is arranged to contact a surface of 
the endless belt 2, to thereby generate an alternating 
charged pattern on the surface of the endless belt 2. The 
stack 1 of sheets is carried on a movable plate 7 to be 
moved upward by a member 8 which press up against 
the plate 7, and a top surface of the stack 1 is held at a 
predetermined position. A sheet is fed along guide 
plates 10 and is conveyed by a pair of rollers 9. 7 
An unequal electric ?eld is caused near the surface of 

the endless belt 2 when an alternating charged pattern is 
generated on the surface of the endless belt 2 as men 
tioned above. A Maxwell’s stress effect acts on a sheet 
10 in the form of a dielectric contacting the endless-belt 
when a non-uniform electric field is caused near the 
surface of the endless belt, so that the sheet 10 is ad 
hered onto the endless belt 2 by an electrostatic force. 
Accordingly, the sheet 10 is conveyed along a sheet 
path as a result of movement of the endless belt 2 
around rollers 5 and 6. The attractive force owing to the 
charged pattern acts only upon the uppermost sheet 10 
of the stack 1 and not upon the second sheet 1b so that 
feeding of multiple sheets can be prevented when a 
contacting pressure between the belt 2 and the top sur 
face of the stack 1 is adjusted to be small. 
The second of the above-mentioned apparatus is 

shown in FIG. 13 and 14. The apparatus comprises a 
friction type separating unit facing the endless belt 2 
forming a sheet path between them, in which the unit is 
shown as a friction pad 110 of a rubber ?xed on a base 
member 111 and always urged in an upward direction 
by a spring 112. 



5,322,269 
3 

Sheets can be steadily separated by this unit as a sheet 
is strongly adhered by an electrostatic attractive force 
stronger than a friction force between sheets. However, 
the reliability of a separation of sheets is reduced when 
a friction force between the pad 110 and a sheet be 
comes nearly equal to a friction force between sheets 
due to a reduction in a friction coefficient between the 
pad 110 and a sheet over a period of time or owing to an 
adhesion of fiber du’st from a sheet and so on, as the 
prevention of feeding the lowest sheet of sheets that are 
being fed together, depends on a friction force. 

SUMMARY OF THE INVENTION 

It is therefore an object of the present invention to 
provide an apparatus for feeding sheets- separately, 
which has reliable performance in the separation of 
sheets even with the passage of time and in a changing 
environment. 
The object of the invention can be achieved by an 

apparatus for feeding sheets separately comprising a 
feeding means disposed over a stack of sheets for caus 
ing a conveyance force upon the uppermost sheet of the 
stack thereby to feed the uppermost sheet from the 
stack, the conveyance force being directed in a sheet 
path direction and the feeding means having an alternat 
ing charged pattern on a surface thereof; and a separat 
ing means disposed opposite to the feeding means so as 
to form a sheet path in association with the feeding 
means for causing a preventive force onto an under face 
of the fed sheet thereby to prevent the sheet from being 
fed, the preventive force being set to be less than the 
conveyance force and greater than a friction force be 
tween sheets, the separating means having another al 
ternating charged pattern on a surface thereof. 
The uppermost sheet of the stack of sheets is attracted 

to be adhered to the feeding means by an electrostatic 
attractive force owing to a Maxwell’s stress effect 
caused by an alternating charged pattern generated on 
the surface of the feeding means and fed along a sheet 
path, due to the above-mentioned structure of the pres 
ent apparatus for feeding sheets separately. 
The lowest sheet of sheets being fed together is at 

tracted to and adhered onto the separating means by an 
electrostatic attractive force owing to an alternating 
charged pattern generated on the separating means 
facing the feeding means when the sheets are fed to 
gether because of an electrostatic attraction of the 
sheets owing to conditions of the environment, or en 
tangling of the naps of the sheets. The sheets can be 
reliably separated individually so that sheets can be fed 
one by one since the attractive force of the feeding 
means for the uppermost sheet and the attractive force 
of the separating means to attract the lowest sheet can 
be set to be greater than the friction force between 
sheets, and the former force an be set-to be greater than 
the latter force. Sheets are attracted to and adhered 
onto the separating means to be prevented from travel 
ing, in order from the bottom of the sheets when more 
than three sheets are fed at once. 
An advantage of the present invention is that abrasion 

of the feeding means or the separating means is not 
caused even with the passage of time, and the separation 
performance for separating sheets is not reduced by a 
?ber dust from the sheets as the feeding means and the 
separating means do not employ a frictional mechanism. 

Further objects and advantages of the present inven 
tion will be apparent from the following description of 
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4 
the preferred embodiments of the invention as illus 
trated in the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a sectional view of the first embodiment of 
an apparatus for feeding sheets separately according to 
the present invention; 
FIG. 2 is a front view of a power source shown in 

FIG. 1; 
FIG. 3 is a sectional view of the second embodiment 

of an apparatus for feeding a sheet separately according 
to the present invention; 
FIG. 4 is a sectional view of a separation unit shown 

in FIG. 3 and an electric ?eld around the separation 
unit; 
FIG. Sis a plan view of the separation unit shown in 

FIG. 3; . 
FIG. 6 is a sectional view of the third embodiment of 

an apparatus for feeding sheets separately according to 
the present invention; 
FIG. 7 is a sectional view showing another arrange 

ment of the third embodiment shown in FIG. 6; 
FIG. 8 is a perspective view of a mechanism in FIG. 

6 for moving a feed belt and a separation belt integrally; 
FIG. 9 is a block diagram showing the power source 

controller in FIG. 6; 
FIG. 10 is a plan view of an operational panel of a 

copy machine for the apparatus according to the pres 
ent invention; 
FIG. 11 is a flow chart showing a process for setting 

an amplitude and a frequency of the power source; 
FIG. 12 is a sectional view of an embodiment of an 

apparatus for feeding sheets separately according to the 
related art; 
FIG. 13 is a sectional view of an another embodiment 

of an apparatus for feeding sheets separately according 
to the related art; and 
FIG. 14 is a perspective view of a separation unit in 

FIG. 13. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

A sheet as described in the following is not restricted 
to a paper sheet but must be made of a dielectric mate 
rial in the present invention. 
The first embodiment according to the present inven 

tion is shown in FIG. 1. A belt 2 for feeding a sheet is 
formed as an endless belt wound around a drive roller 5 
and a follower roller 6, and having two layers, an outer 
layer 2a made of a dielectric material such as a polyeth 
ylene terephthalate and having a thickness of about 50 
um and a resistance of not less than 108 0cm, an inner 
layer 2b made of a conductor formed of evaporated 
aluminum and whose resistance is not greater than 106 
Gem. The drive roller 5 has a conductive rubber round 
a surface thereof having a resistance of not greater than 
106 Qcm, and is grounded. The belt g can be moved 
around a pivot point of the drive roller 5 so that the belt 
2 can contact or move away from a stack 1 of sheets laid 
on a movable plate 7 in a cassette 11 whose top sheet is 
positioned at a predetermined height. The belt 2 is 
moved pivotally around the drive roller 5 by a crank 
member 16 driven by a solenoid 15. 
A separating belt 102 is provided at the lower reaches 

of a sheet path starting from a cassette l1 and at a loca 
tion racine forward the feed belt 2 maintaining a small 
distance between the belts 102 and 2. 
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Therefore, abrasion of each belt is not caused, a load 
on a paper sheet is small, and electric ?elds of the feed 
belt 2 and of the separating belt 102 do not interfere 
with each-other. Furthermore, the belts 2 and 102 are 
free from each other when a paper sheet is not fed so 
that a load on a drive is reduced. 
The separation belt 102 is an endless belt wound 

around a drive roller. 105 and a follower roller 106, 
similar to the feed belt 2, and has two layers. One is an 
outer layer 1020 of a dielectric material, and the other is 
an inner layer 102b of a conductor. The resistance of the 
former is not less than 108 Gem, and the resistance of the 
latter is not greater than 106 Item. The drive roller 105 
has a conductive rubber around a surface thereof and a 
resistance of not greater than 106 Gem. and is grounded. 
The separation belt 102 can move around the drive 
roller 105 and the follower roller 106 in a forward direc 
tion and in a reverse direction by a drive motor. The 
drive roller 105 is rotated in a counterclockwise direc 
tion until a timer 19 detects the passage of a predeter 
mined time, and is rotated in a clockwise direction after 
a detection as mentioned hereinafter. 

Therefore, a paper sheet is easily conveyed to an area 
facing the separation belt 102, and paper sheets are 
reliably separated from each other as the paper sheets 
are separated after they are conveyed to that area. 

Roller electrodes 3 and 103 are settled at positions 
where the former contacts an outer surface of the belt 2 
and the latter contacts an outer surface of the belt 102, 
respectively. Each electrode 3, 103 is connected to an 
alternating current power source 4 or 104. The roller 
electrode 3 is set up at a position facing forward the 
drive roller 5 so that the electrode 3 is not affected by a 
motion of the feed belt 2 to approach or move away 
from the stack 1. 
The stack 1 of sheets is raised up by a bottom plate 7 

that is moved up by rotation of a rotary member 8 
driven by a motor not shown. Ascent of the stack 1 is 
stopped when the uppermost paper sheet 1a reaches a 
position at which the sheet 10 can be fed, is detected by 
a detecting-device not shown. The amount of the ascent 
is controlled in accordance with remaining paper sheets 
in the cassette 11. 
Guide plates 10 for guiding a traveling of a sheet and 

a pair of conveyance rollers 9 are provided at the lower 
reaches of a sheet path from the feed belt 2. 
Power sources 4 and 104 are explained in detail in the 

following. - 

The power sources 4 and 104 generate an alternating 
voltage periodically repeating generation of a high volt 
age and a low voltage consisting of a sine wave, a rect 
angular wave or the like, and have knobs 202 and 201 to 
adjust an amplitude and a frequency of the alternating 
voltage as shown in FIG. 2. 

Therefore, the characteristics of the voltage can be 
adjusted appropriately so that a stable and reliable appa 
ratus for feeding sheets separately can be realized. 
A voltage is applied in a form of a sine wave, the 

amplitude thereof being about iZkV, and the fre 
quency thereof is set so that a pitch of a charged pattern 
generated on the belt 2 or 102 becomes about 5 mm in 
relation to the frequency and a revolution speed of the 
belt 2 or 102 in this embodiment. These values can be 
adjusted by the knobs 201 and 202 so that an adequate 
attractive force is caused in correspondence with a 
condition of the belt 2 or 102 and the surrounding envi 
ronment. 
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6 
A mode of operation of this embodiment is explained 

in the following. 
The stack 1 of sheets is raised up by the bottom plate 

7 and the rotary member 8 to a position at which the 
uppermost paper sheet 10 can be fed by the belt 2. 
The feed belt 2 starts to rotate in a direction shown by 

an arrow in FIG. 1 in accordance with a rotation of a 
drive roller 5, and an alternating charged pattern is 
generated on a surface of the feed belt 2 by application 
of an alternating voltage onto the feed belt from a 
power source 4 through an electrode member 3. 
The belt 2 having the alternating charged pattern is 

brought into contact with the uppermost paper sheet 1:! 
of the stack 1 of sheets by a pivotal motion of the drive 
roller 5. 
A paper sheet 10 is attracted to be fed by a Maxwell’s 

stress effect caused by the charged pattern on a surface 
of the feed belt 2. The attractive force owing to the 
charged pattern acts only upon the uppermost paper 
sheet 1a and does not act upon the lower paper sheet 
under the paper sheet 10. The feed belt 2 presses on the 
stack 1 of sheets with a low force (from zero to tens 
grams of force) so that a friction force between the 
uppermost paper sheet 10 and the facing paper sheet 1b 
is not caused. 
The separation belt 102 also starts to rotate in accor 

dance with a rotation of the drive roller 105, and an 
alternating voltage is applied onto the belt 102 from a 
power source 104 through an electrode member 103 so 
that an alternating charged pattern is generated on a 
surface of the separation belt 102. 
The charged pattern is a stripe pattern having a 5 mm 

pitch generated in accordance with a frequency of an 
alternating voltage from the power source 4 or 104 and 
a rotational speed of the belt 2 or 102. 
The separation belt is driven in a counterclockwise 

direction by the drive roller 105 at the beginning of the 
feed cycle to feed a paper sheet-1a so that the paper 
sheet 10 is conveyed between the belts 2 and 102. 
A front edge of the paper sheet 1a reaches the inner 

part of a clearance between the belts 2 and 102 when a 
predetermined time has passed from a time at which the 
paper sheet 1a is picked up by the belt 2. At this time, 
the drive roller 5 is controlled to be driven in the re 
verse direction so that the separation belt 102 is rotated 
in a direction for the paper sheet 10 to be returned. 
However, when an attractive force of the separation 
belt 102 is set to be weaker than that of the feed belt 2, 
the paper sheet 1a can be conveyed toward guide plates 
10 while it is attracted by the feed belt 2. 
On the contrary, it often occurs that the uppermost 

paper sheet 10 and the facing paper sheet 1b are fed 
together owing to a tight contact of sheets or burrs on 
a sheet caused in cutting, when the uppermost paper 
sheet 10 is picked up from the stack 1 by the feed belt 2. 
In this case, the facing sheet 112 is attracted by the sepa 
ration belt 102 by the Maxwell’s stress effect so that it is 
separated from the paper sheet In when the sheets 10 
and 1b are conveyed to a position in which the feed belt 
2 and the separation-belt 102 face each-other. The paper 
sheet 1b is then returned to a cassette 11 b the reverse 
rotation of the separation belt 102. When more than 
three paper sheets are fed together, each sheet is re 
turned in succession from the bottom by an action of the 
separation belt 102 so that only the paper sheet 1a is 
conveyed toward the guide plates 10 while being at 
tracted to the feed belt 2. 
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The paper sheet 10 is separated from a surface of the 
feed belt 2 due to a curvature of the drive roller 5 and 
the stiffness of the paper sheet 10 to be conveyed to a 
sheet path between the guide plates 10, and then, further 
conveyed toward the lower reaches of the sheet path by 
a pair of conveyance rollers 9. 
The feed belt 2 is kept apart from the stack 1 of sheets 

before a rear edge of the paper sheet In reaches a posi 
tion facing the follower roller 6 so that the next paper 
sheet is not attracted by the feed belt 2. 
Although a belt is used as a separation member in this 

embodiment, a rotary member such as a roller on which 
a charged pattern is applied can also be used. 
The second embodiment shown in FIG. 3. in which 

embodiment a ?xed member is used as a separation 
member and a charged pattern is generated by a device 
different from the alternating current power source, is 
explained in the following. 
A ?xed separation member 12 is provided at a posi 

tion facing the feed belt 2 having a small distance from 
the feed belt 2, instead of the movable separation belt 
102. The ?xed separation member 12 is constructed so 
that electrodes 12c and 12d are arranged alternately, 
like the teeth of a comb, in a base member 120 of an 
isolator with a small distance between them, and are 
covered by a dielectric medium 12b. 
The electrodes 12c and 12d are respectively con 

nected to each pole of a direct current power source 14. 
The remaining construction of this embodiment is simi 
lar to that of the ?rst embodiment. 
The uppermost paper sheet In attracted by an elec 

trostatic attractive force of the feed belt 2 is conveyed 
into a clearance between the feed belt 2 and the separa 
tion member 12. At this time, an electric power is ap 
plied to the separation member 12 from the direct cur 
rent power source 14 so that a charged pattern is gener 
ated on a surface of the dielectric 12b as shown in FIG. 
4, owing to the pattern of the electrodes 12c and 12d. 
An absorptive force is generated on the separation 
member 12 by the charged pattern so that a paper sheet 
10 conveyed by the feed belt 2 by attracting the paper 
sheet 10, tends to be attracted by the separation member 
12. However, the paper sheet 1a is conveyed while 
adhered to the feed belt 2 as an attractive force of the 
feed belt 2 acting on the paper sheet 10 is set to be 
stronger than that of the separation member 12. 
A facing paper sheet 1b and the uppermost paper 

sheet 10 attracted by the feed belt 2 are occasionally fed 
together from the stack 1 of sheets owing to burrs of a 
paper sheet caused in cutting, and the like. The paper 
sheet 1b conveyed into a clearance between the feed 
belt 2 and the separation member 12, is separated from 
the paper sheet 1a by an attractive force of the separa 
tion member 12 so that the paper sheet 1b is prevented 
from being fed and the paper sheet 10 is conveyed while 
adhered to the feed belt 2. 

Next, the third embodiment shown in FIG. 6 is ex 
plained in the following. In this embodiment, a part of 
the structure of the ?rst embodiment is changed. Also in 
this embodiment, the same members as in the ?rst em 
bodiment have the same reference numbers. 
A separation belt 102 is also constructed so as to 

move upward and downward while maintaining a pre 
determined clearance between the belt 102 and a feed 
belt 2 in correspondence to a movement of the feed belt 
2 to approach or to move away from a stack 1 of sheets 
in this embodiment. 
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8 
Therefore, a stable and reliable separation perfor 

mance can be realized by the present apparatus as a 
constant clearance between the feed belt 2 and the sepa 
ration belt 102 is always maintained. 
The tight movement of the belts 2 and 102 in ap 

proaching or moving away from the stack 1 of sheets is 
effected by an ON/OFF control of the same solenoid as 
the solenoid 15 in the ?rst embodiment. A feed belt unit 
and a separation belt unit are integrated by a bracket 16 
in this embodiment as shown in FIG. 8. The positional 
discrepancy of a shaft of a drive roller 105 caused dur 
ing the motion of the feed belt 2 to approach or move 
away from the stack 1 of sheets is absorbed by an elec 
tric belt 17 for transmitting a rotary power from a 
motor to the shaft of a drive roller 105. 
The drive roller 105 is restricted so as to rotate only 

in a direction in which the motion of the separation belt 
102 prevents a conveyance of a paper sheet. A detecting 
unit 21 comprising a photo sensor for detecting a paper 
sheet is provided at a position in which a feed belt 2 
faces the separation belt 102. Roller electrodes 3 and 
103 are connected to power source controllers 24 and 
124, respectively. 
The power source controllers 24 and 124 comprise an 

alternating generator 203 constituted by an oscillator 
204 and a voltage ampli?er 205, and an overcurrent 
cutoff circuit 206 as shown in FIG. 9. The oscillator 204 
and the voltage ampli?er 205 are connected to a mem 
ory 208 to store amplitude and frequency settings for a 
power source through a switching circuit 207 for 
switching amplitude and frequency settings. 
A discharge of a charged dielectric belt is effected by 

applying an inversely alternating voltage having an 
amplitude which is the lowest voltage that enables the 
charging of a dielectric belt, to the charged dielectric 
belt. An absorptive force of the charged dielectric belt 
can be reduced owing to a ?ne pitch of a charged pat 
tern on the belt caused when an'alternating voltage 
having the same amplitude as that of a voltage already 
used in charging the belt, and a higher frequency is 
applied. 
A most appropriate amplitude and frequency setting 

for a power source that enables-attracting a paper sheet, 
and a most appropriate amplitude and frequency setting 
for the power source for discharging, are stored in a 
memory A 2080 and a memory B 208b, respectively, in 
this embodiment. The above-mentioned amplitude and 
frequency for charging or discharging are input to the 
voltage ampli?er 205 and the oscillator 204 in accor 
dance with a control signal input into the switching 
circuit 207 to switch an amplitude and frequency setting 
so that the roller electrodes 3 and 103 can be used as 
chargers and as dischargers. Therefore, the low cost 
apparatus is realized. 
The overcurrent cutoff circuit 206 detects an over 

current to stop the application of power temporarily 
when for example a human body touches the roller 
electrodes 3, 103 or when an electrode is short-circuited 
by an inner layer of the belt, and so on. 

Therefore, the circuit is protected from breaking 
down due to a shot circuit, and a safety for a human 
being is ensured if a charged member is touched during 
maintenance work and so on. 
The remaining construction of this embodiment is the 

same as of the ?rst embodiment. 
A mode of operation of this embodiment is explained 

in the following. 
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7 and the rotary member 8 to a position at which the ' 
uppermost paper sheet In can be fed by the belt 2. 
The feed belt 2 and the separation belt 102 are posi 

tioned initially at a height shown in FIG. 7 at which the 
feed belt 2 is separated from the uppermost paper sheet 
of the stack 1. 
An alternating voltage is applied to the feed belt 2 

from the power source controller 24 through electrode 
3, and the belt 2 starts to rotate in a direction shown by 
an arrow in FIG. 7 due to a rotation of the drive roller 
5, so that an alternating charged pattern is generated on 
a surface of the feed belt 2. On the other hand, the 
separation belt 102 is simultaneously driven in a direc 
tion shown by an arrow in FIG. 7 to return a sheet by 
the drive roller 105, however, no voltage has yet been 
applied thereon from the power source controller 124 
so that a charged pattern is not generated on a surface of 
the separation belt 102. 
The feed belt 2 generating the charged pattern 

thereon pivots on the drive roller 5 in a clockwise direc 
tion to contact the uppermost paper sheet 10 of the 
stack 1 so that only the paper sheet 10 is attracted on to 
the surface of the belt 2 by the Maxwell’s stress effect 
caused by the charged pattern on the feed belt 2, to be 
fed as mentioned before. 
The paper sheet 10 is detected by a detecting unit 21 

when the sheet 10 is conveyed into a clearance between 
the feed belt 2 and the separation belt 102 while at 
tracted onto the feed belt 2, and then, an alternating 
voltage is applied to the separation belt 102 by the 
power source controller 124 through the electrode 103 
so that an alternating charged pattern is generated on a 
surface of the separating belt 102. 

Therefore, a paper sheet is easily conveyed to an area 
facing the separation belt 102, and paper sheets are 
steadily separated from each other as the paper sheets 
are separated after they are conveyed to that area. Fur 
thermore, the drive mechanism is simple as the separa 
tion belt 102 is driven only in the inverse direction to 
the feed direction. 
However, the paper sheet 10 is conveyed to a space 

between guide plates 10 while attracted onto the feed 
belt 2, as an absorptive force of the separation belt 102 
is set to be weaker than that of the feed belt 2. 
When the uppermost paper sheet 10 and the facing 

paper sheet 11) are fed together, the facing paper sheet 
1b is attracted onto the separation belt 102 by an attrac 
tive force of the charged pattern generated on the sepa 
ration belt 102 in accordance with a detecting signal 
from the detecting unit 21, so that the paper sheet 1b is 
separated from the paper sheet 10. The paper sheet 112 is 
returned to the cassette 11 as the separation belt 102 is 
driven in the reverse direction to the feed direction. 
When three or more paper sheets are picked up at once, 
each sheet is returned by the separation belt 102 succes 
sively so that only the paper sheet 10 is conveyed to the 
space between guide plates 10 while being attracted 
onto the feed belt 2. 
The feed belt 2 leaves the stack 1 of sheets after pick 

ing up the paper sheet In. At this time, the separation 
belt 102 is moved to maintain a constant clearance be 
tween the belt 102 and the feed belt 2 so that the separa 
tion of paper sheets is effected reliably when two or 
more paper sheets are conveyed to clearance between 
the belts 2 and 102. Namely, only the paper sheet 1a is 
conveyed to a space between the guide plates 10 while 
attracted onto the feed belt 2. 
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10 
The attracted paper sheet 10 is separated from a sur 

face of the feed belt 2 by a curvature of the drive roller 
5 so that the paper sheet 10 is conveyed to a sheet path 
between guide plates 10, and then an end thereof is 
nipped by a pair of conveyance rollers 9 provided at the 
lower reaches of the sheet path. A charged region of the 
feed belt 2 is controlled by the power source controller 
24 so that an absorptive force is removed from the feed 
belt 2 at a position in which a front end of a paper sheet 
makes contact with the pair of the conveyance roller 9. 
Furthermore, the separation belt 102 is controlled by 
the power source controller 124 so that an attractive 
force is removed from the separation belt 102 when the 
attractive force is removed from a region of the feed 
belt 2 facing the separation belt 102. 

Therefore, the paper sheet 10 is protected from being 
attracted onto the separation belt 102 so that it cannot 
be fed when an attractive force of the feed belt 2 is cut, 
and so a conveyance load on the air of the conveyance 
rollers 9 can be reduced. 
The paper sheet 1a is conveyed only by a conveyance 

force of the pair of conveyance rollers 9 without an 
effect of the belts 2 and 102, after the paper sheet 10 is 
nipped by the pair of conveyance rollers. 
The paper sheet 10 is prevented from being attracted 

onto the separation belt so as not to be fed as an attrac 
tive force of the separation belt 102 is made weaken 
than that of the feed belt 2 in the first and the third 
embodiments. 
The following can be adopted for the method in 

which an absorptive force of the separation belt 102 is 
weaker than that of the feed belt 2. 
An attractive force of the separation belt 102 can be 

weakened by shortening a length of the separation belt 
102 in a sheet path direction or by reducing a width so 
as to be shorter or narrower than that of a feed belt 2, as 
the attractive force is proportional to the area of attrac 
tion. 
An attractive force of the separation belt 102 can be 

weakened by reducing the amplitude of an alternating 
voltage applied to the separation belt 102 so as to be 
smaller than that applied to the feed belt 2 as the attrac 
tive force of a belt depends on an amplitude of a voltage 
for generating an alternating charged pattern on the 
belt. 

Furthermore, an absorptive force of the separation 
belt 102 can be weakened by increasing the frequency of 
an alternating voltage applied to the separation belt 102 
so as to be higher than that applied to the feed belt 2, as 
the attractive force of a belt depends on the pitch of an 
alternating charged pattern generated on the belt. 

Furthermore, an attractive force of the separation 
belt 102 can be reduced by reducing the rotational 
speed of the separation belt 102 so as to be lower than 
that of the feed belt 2. 
The memory 208 for, storing an amplitude and fre 

quency setting for a power source shown in FIG. 9, is 
replaced by a memory 500 the device illustrated in FIG. 
10 and the switching circuit 207 for switching an ampli 
tude or frequency setting is replaced by a part of a 
program to control the device itself so that another 
embodiment of the apparatus for feeding sheets sepa 
rately is constructed and mounted on an image-forming 
device 600 such as the copy machine. An amplitude and 
frequency setting for a power source can be handled as 
software stored as numerical values so that the system 
of the image-forming device can be easily constructed. 
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Keys 301 and so on disposed on an operational panel 
300 shown in FIG. 10 can be used as an input unit for 
inputting an amplitude and a frequency to the memory, 
and a display 302 of the device itself can be used as a 
con?rmation unit for con?rming the input contents. 

Therefore, the characteristics of the voltage can be 
set up quickly and arbitrarily and the set up values can 
be checked so that a stable apparatus for feeding sheets 
separately can be realized. 

Next, a process for setting an amplitude and a fre 
quency for a power source is explained referring to 
FIGS. 10 and 11. Initially, a mode of setting values for 
a power source for an apparatus for feeding sheets sepa 
rately, is indicated by pressing a predetermined key of 
the mode keys 301 on the operational panel 300, so that‘ 
a program of the device itself shifts to a subroutine 
program for setting values for a power source of an 
apparatus for feeding sheets separately at step 400. 

In the subroutine program, a value setting subroutine 
program is called when an amplitude or a frequency is 
determined. In the value setting subroutine program, an 
amplitude of a voltage to be set and stored in the mem 
ory is read at step 402. The amplitude is displayed on 
the display 302 on which the number of copies to be 
made, a magni?cation of a copy, and so on, are usually 
displayed. An operator checks the value on the display. 
When the amplitude is to be modi?ed, as a result of the 
check, a ten-key keypad 303 or the keys 304, 305 for 
increasing or reducing a shade depth, or for scaling a 
copy up or down, are pressed so that the amplitude is 
modi?ed to be a desired value. 

After this, an enter key 306 is pressed down so that 
the above-mentioned value is ?xed. This pressing of the 
enter key 306 is pressed down so that the above-men 
tioned value is ?xed. This pressing of the enter key 306 
is detected at step 404, and at the next step 408, the ?xed 
value is stored in a power source region in the memory. 
For the frequency, a similar setting procedure is ef 

fected so that the frequency is determined, and then the 
subroutine program to set values for a power source of 
an apparatus for feeding sheets separately is closed. 
When an amplitude or a frequency read from the 

memory at step 402 does not need to be modi?ed, the 
enter key 306 is pressed down so that the value is ?xed 
and stored in the power source region in the memory at 
step 408. 
Many widely different embodiments of the present 

invention may be constructed without departing from 
the spirit and scope of the present invention. It should 
be understood that the present invention is not limited 
to the speci?c embodiments described in the speci?ca 
tion, except as de?ned in the appended claims. 
What is claimed is: 
1. An apparatus for feeding sheets separately com 

prising: 
a feeding means disposed over a stack of sheets for 

causing a conveyance force upon the uppermost 
sheet of said stack thereby to feed said uppermost 
sheet from said stack, said conveyance force being 
directed in a sheet path direction, said feeding 
means having an alternating charged pattern on a 
surface thereof; and 

a separating means disposed opposite to said feeding 
means so as to form a sheet path in association with 
said feeding means for causing a preventive force 
onto an under face of said fed sheet thereby to 
prevent said sheet from being fed, said preventive 
force being set to be less than said conveyance 
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12 
force and greater than a friction force between 
sheets, said separating means having another alter 
nating charged pattern on a surface thereof; 

said feeding means and said separating means being 
spaced from each other at a predetermined dis 
tance, said feeding means being adapted to move so 
as to make contact with or to be spaced from said 
uppermost sheet, and said separating means being 
adapted to move so as to be kept spaced from said 
feeding means at said predetermined distance when 
said feeding means moves. 

2. An apparatus according to claim 1, wherein said 
sheet comprises a paper sheet. 

3. An apparatus according to claim 1, whereins aid 
separating means comprises an endless belt member 
rotating in a clockwise direction or in a counter-clock 
wise direction, said feeding means and said belt member 
are provided with a timer which counts a predeter 
mined time from a start of rotating of said belt member, 
said belt member being adapted to rotate in a counter 
clockwise direction when said timer counts said prede 
termined time. 

4. A apparatus according to claim 1, wherein said 
separating means is adapted to be kept in a non-operat 
ing state until said sheet reaches a position at which said 
feeding means and said separating means face each 
other and to be kept in an operating state after said sheet 
reaches said position. 

5. An apparatus according to claim 1, wherein said 
separating means is adapted to be kept in a non-operat 
ing state when said feeding means is kept in a non 
operating state. ' 

6. An apparatus according to claim 1, wherein each of 
said feeding means and said separating means comprises 
an electrode member, and a power source controller for 
generating an alternating voltage and for supplying said 
alternating voltage to said electrode member. 

7. An apparatus according to Claim 6, wberein said 
power source controller further comprises an switching 
means for switching at least one of an amplitude and a 
frequency setting of said supplied alternating voltage. 

8. An apparatus according to claim 6, wherein said 
power source controller further comprises a preventing 
means for detecting an overcurrent to said electrode 
member and for stopping said alternating voltage when 
said overcurrent is detected. 

9. An apparatus according to claim 6, wherein said 
power source controller further comprises a memory 
means for storing set values of said amplitude and said 
frequency. 

10. An apparatus according to claim 9, further com 
prising selecting means for selecting a set value from 
respective set values of said memory means thereby to 
send said selected set value to a generator. 

11. An apparatus according to claim 9, further com 
prising input means for entering a set value in said mem 
ory means and a display means for displaying said en 
tered set value. 

12. An apparatus according to claim 9, wherein said 
power source controller further comprising input 
means for entering a set value in said memory means 
and a display means for displaying said entered set 
value, and wherein said memory means, said input 
means, and said display means respectively are incorpo‘ 
rated into a memory of, an operational panel of, and a 
display of an image-forming device on which said appa 
ratus is mounted. 
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